Nine esters of hetacillin or hetamoxicillin were synthesized as ampicillin and amoxicillin derivatives with the aim of obtaining improved plasma levels after oral administration.
The use of prodrugs is known to increase the therapeutic effectiveness of antibiotics, especially beta-lactams.1,2) Prodrugs are chemical derivatives which are usually inactive or less active than the parent compounds, but are hydrolyzed or metabolized to release the parent compounds or active metabolites under physiological conditions. The toxicity of prodrugs as well as the released moiety should be lower than that of the parent compounds.
Ampicillin and amoxicillin are not readily absorbed when given orally. This fact has stimulated a search for new derivatives in the field of beta-lactam prodrugs that would show substantially improved oral absorption properties. Various esters of the above penicillins have been synthesized. Within this line of investigation, there are two different aspects for consideration. One aspect is the need to obtain esters that are rapidly hydrolyzed, and consequently release the starting penicillin (ampicillin or amoxicillin) quickly into the systemic circulation; this is the case with ampicillin esters such as the ethoxycarbonyloxyethyl (bacampicillin),34) phthalidyl (talampicillin),5) and pivaloyloxymethyl (pivampicillin)6) esters. These esters are characterized by increased lipophilicity owing to the esterification of the polar carboxylic group but maintain a residual polarity (amino group) so that they are soluble in the body fluids.
The other aspect is distribution; for example, the methoxymethyl esters of hetacillin (sarpicillin)7) and hetamoxicillin (sarmoxicillin)8) are only partially hydrolyzed and thus appear in the portal circulation as intact esters. They are also present in tissues such as saliva, lung, etc. This wider distribution as compared with that of ampicillin or amoxicillin may be accounted for by the nonionizing and highly lipophilic characteristics of these esters which, however, retain the antimicrobial spectrum of the original drugs.
The purpose of the present study was to prepare hetacillin and hetamoxicillin esters. These compounds can be considered as double prodrugs. The ester group of the adduct, which is readily removable by hydrolysis in the body, improves the oral absorption properties, and the increased lipophilicity owing to the ester bond results in higher and long-lasting blood levels, a wider distribution of the drug, and a greater stability after oral administration as compared to the parent antibiotics.
The ester moieties employed in this study have the general structure R-CH2-O-CH2-, Table  III. 
